Introduction
Prestack depth migration succeeds in imaging subsurface re ectivity when the velocity is not too complex (Yilmaz, 1987) . However, for strongly refracting velocities, some authors report unsatisfactory images from various migration techniques. For example, subsurface re ectors located near focusing incident wave elds are not imaged successfully by Kirchho migration methods based on rst arrival traveltimes (Geoltrain, Brac, 1993) . This paper concerns conditions under which imaging by prestack depth migration is is possible, independent of the method. We give a simple condition, involving velocity and source-receiver geometry, which ensures that prestack depth migration will produce an accurate image. When this condition fails, prestack depth migration may produce events in the image which are not present in the subsurface. Even when the criterion holds, coherency panels may not be at, even when the migration velocity is exactly correct. The reason is that the criterion usually fails in complex velocities for a single point source. We discuss the conditions for successful imaging and illustrate the above ideas on a couple of synthetic examples.
Mathematical Model
We model the earth as a constant density, acoustic medium, with variable velocity eld c. We adopt the Born approximation of re ection of acoustic waves as follows. View c as a superposition of a smooth background velocity c 0 and a relatively short scale velocity c, c = c 0 + c. Let x denote a point in the subsurface with coordinate x = (x 1 ; x 2 ), where x 1 is the depth coordinate. And let s be the location of a point source on the surface. Linearizing the acoustic wave equation (c ?2 0 (x) ? r 2 )p(x; s; t) = (t) (x ? s);
p(x; s; t) 0; t 0; x 1 > 0;
(1) about the background velocity, we arrive at the Born approximation p p 0 + p given by the linearized wave equation 
where p solves equation (2) (Duistermaat, 1996) and was initially applied by (Beylkin, 1985 , Rakesh, 1988 . We state the nal results of our generalized analysis (see Kroode et al 1994, Nolan and Symes, 1996 for more details):
The image obtained from migration will contain only physical re ectors, provided that one can reconstruct scattering paths from the following two pieces of information:
The two-way traveltime associated to a particular source and receiver s; r.
The slowness projections p s ; p r of the source and receiver rays at s; r into those directions contained in the source and receiver arrays respectively.
(See Figure 1 for this). Reconstruction of scattering paths from these two pieces of information is nearly always possible when the sources and receivers both occupy an area on the surface of the earth -this leads to the results in (Kroode et al, 1994) and is veri ed experimentally in example 1 below. For a practical discussion of experiments (including a 2.5D marine survey), for which the reconstruction is possible see (Nolan and Symes, 1996) .
When either of the bulleted conditions is violated, then one can expect spurious images to appear. Figure 2 shows a possible ray geometry for a point source gather. A (single) source point denes no directions on the surface. Therefore, the initial slowness is projected to the zero vector and fails to distinguish the two source rays. If these (source) rays have the same traveltime to the reecting point, then the event carried to the surface by the (single) re ected ray can be explained by two re ecting elements, one of which may be spurious, i.e. not present in the actual re ectivity. Theory and numerical experiments below show that the amplitude of the spurious images can be as strong, if not stronger, than the amplitude of the actual re ectors in the migrated image.
When the acquisition geometry contains more sampled directions, the spurious events in single source images show nontrivial moveout, whereas the actual events do not (assuming that the migration velocity is correct). Since the nal image is a stack over single source partial images, the spurious events interfere destructively and only actual events survive (aside from genuine artifacts such as edge di ractions). In fact the normal operator becomes a so called pseudodi erential operator (Kroode et al 1994, Nolan and Symes 1996) -an operator that does not move singular (oscillatory) velocity i.e. recovers the re ectivity. On the other hand, the coherency panels will show non at events even when the migration velocity is correct. Simple low velocity lens focuses rays from the source. This leads to ambiguity in the orientation of the reector (using Snell's law). Dashed re ector is physical but spurious solid image also appears in migrated image. Example 1 Figure 3 shows a low velocity circular lens embedded in a constant velocity and a at re ector located beneath it. Symmetrical pairs of rays travel around the lens on opposite sides.
The forward operator F and its adjoint operator F are implemented by a nite di erence method (grid step = 5m, time step = 0.1ms, 2nd order in time, fourth order in space) that solved equation (2), with a 30Hz Ricker source. Thus the migration is a reverse-time, nite di erence, full wave equation depth migration.
Migrating simulated data produces single shot images like Figure 4 , which contains an event inclined at about 30 o to the horizontal. For a single shot, the second bulleted condition is violated in the vicinity of this event -see the symmetric rays from the source in Figure 4 which intersect and have equal one-way traveltime. As noted above, for the single shot case, the set of directions in the source array contains only the zero vector. Thus, the initial projected slowness is zero and does not allow reconstruction of the scattering process based only on (r; s; t; p r ). The geometry of Figure 2 and the rays in Figure 4 suggest that the angle of the dipping event should be inclined at about 30 o , which indeed so.
Because the inclined event is rotated in the clockwise direction and the receivers were located to the left of the shots over a distance of 0.5 km, we can also gure out that the real ( at) event was imaged by rays traveling to the left of the lens while the unphysical event corresponds to rays traveling around the right side of the lens. These single source, line of receiver experiments failed the bulleted conditions and thus produced the undesirable single shot images -this is illustrated in the coherency panel in Figure 5 . In contrast, if one employs a line of sources and line of receivers, then the bulleted conditions are satis ed. The migrated image for the latter acquisition corresponds to a post-migration stack -see Figure 6 , which mostly just the at event as predicted by the bulleted conditions.
Imaging and Coherency in Complex Structures Example 2
The second experiment is based on a primaries only version of the Marmousi data set. The smooth background was obtained by applying a Hanning lter with radius 150m to the original model and resampling. The data was produced as in example 1 (the grid size was 10m and the source was a high-cut 25Hz band pass lter, the time step used was 1ms).
The coherency panel in Figure 9 contains non at events around 1000m deep. We believe these spurious images can be explained by simple ray tracing. As we saw in Example 1, spurious re ectors may show up as rotated images of actual re ectors according to ray tracing, but it is also possible for them to translated. In this example, it appears that some deeper re ectors may be translated to shallower ones. 
